Marine and Baumann in 1921 demonstrated a significant and sustained increase in heat production in the majority of rabbits following suprarenalectomy or freezing the suprarenals (1). The importance of this type of reaction in general physiology and special pathology makes it desirable to ascertain whether this relationship between the suprarenal gland and basal metabolism is peculiar to some feature of organization in this species. The literature contains no satisfactory evidence on this point. Golyakowski, working with dogs and utilizing an undescribed method of ligation, studied the respiratory exchange (2). He reported an increase in CO~ and heat production in eight of twelve dogs. However, the importance to be attached to this observation is greatly diminished by the fact that the oxygen intake was not altered. On the other hand, Aub reported a decrease in heat production in three cats following suprarenalectomy but he did not investigate the effect of sublethal crippling of the suprarenals (3). No other references bearing in any way on this subject could be found.
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The rabbit has relatively great normal temperature variations and it usually has accessory suprarenal masses, differing from the higher mammals in both points. The cat is a typical member of the latter group. The temperature is fairly constant and accessory
Methods.
Cats were kept in the laboratory under uniform conditions of r6gime and diet for at least 3 weeks before determination of the respiratory exchange and they were run in the respiration chambers several times for training during this period. The gaseous metabolism was measured with the Haldane apparatus as modified by 2Vlarine and Lenhart (7) . The room temperatures were kept relatively constant. The maximum variation (with the exception of October 5) was 19-24°C. with the mean of 21°C. Determinations were always made at least 15 hours after the last feeding; and a sufficient number of them over a period of at least 2 weeks was obtained to determine the normal range for the individual cat under the given conditions as regards season, food, state of nutrition, etc. About 10 per cent of the cats were rejected for this work because the control rates were too irregular. Those used were very quiet after becoming accustomed to the procedure, and frequently slept throughout the entire period in the metabolism chambers which was always 2 hours. Any periods in which the animal was restless were discarded.
Three methods were used in our attempts to cripple the suprarenal function: 1 (a) partial excision; (b) ligation of blood vessels; and (c) freezing.
Partial Excision.--This was the method first attempted as it would appear a priori to be the most exact means of producing varying 1 All operations were performed under ether anesthesia.
degrees of suprarenal insufficiency. However, exactly the opposite was found to be the case. The leeway between the production of any effect and of a fatal insufficiency is extremely slight and uncontrollable. The removal of less than three-fourths of the suprarenal tissue produces no evidence of abnormality in heat production, while the result of removing more than this bears no necessary relationship to the anatomical amount remaining. Quite uncontrollable conditions, chiefly the blood supply of the remaining fragment, determine the outcome. By this method we were not able to produce any clinical change except the typical rapidly fatal symptom-complex of suprarenal suppression. This procedure was therefore abandoned.
Ligation of Blood Vessels.--For many years the fact has been known that occlusion of the lumbosuprarenal veins would produce marked histological changes in the suprarenal gland, particularly in the cortex (8) . Hartman and Blatz, in 1919, reported clinical symptoms following ligation of the lumbosuprarenal veins which were suggestive of a functional suprarenal insufficiency as their basis (9) . Ligations of the suprarenal blood vessels were carried out in the following combinations: (a) right and left lumbosuprarenal veins; (b) left lumbosuprar~nal vein with excision of the right suprarenal; (c) right and left lumbosuprarenal vein with mass ligation of the collateral renal-suprarenal vessels; and (d) left lumbosuprarenal vein with mass ligation of the collateral left suprarenal vessels and excision of the right suprarenal.
In ligating the lumbosuprarenal vein the peritoneum over it was slit just proximally and distally to the suprarenal gland and a silk ligature carried around the vein on an aneurysm needle without manipulating the gland or interfering with any of its nerve supply except those filaments that run in the sheath of the suprarenal vein. After ligation of the vein, congestion and swelling of the gland were observed to different degrees, the variation of which was extreme and unpredictable. Ligation by the same method in a series of animals gave entirely different results, depending on the collateral circulation which developed.
Freezing.--This method was developed by Marine: and Baumann in their experiments to cripple the suprarenal glands in rabbits. They pointed out the difficulties encountered in freezing the Hght gland and the relative ease on the left side. In the main the saine situation prevails in cats except that the right suprarenal is somewhat more accessible, being usually less closely adherent to the vena cava. In some cases both glands were frozen, though more frequently the left was frozen and the right excised. Mobilizing the left suprarenal gland sufficiently to freeze it is very satisfactorily accomplished. The fatty areolar tissue is dissected back with the probe point for a distance of several millimeters so that the gland can easily be elevated with most of the nerves and minute blood vessels attached. A spray of ethyl chloride reaches all parts of the surface of the cortex. The duration of the freezing varies from 15 to 45 seconds, depending upon the degree of injury desired. There was difficulty encountered in obtaining ethyl chloride tubes having a spray sufficiently fine. Bengu6 tubes were the best available in this country at the time, and only about one in four of these was satisfactory. During the freezing the gland is blanched, but on thawing the circulation is seen to resume at once. To freeze the right suprarenal the lumbar approach is obligatory and the peritoneum is not opened, while for the left one either the lumbar or midline incision is satisfactory, and the suprarenal is reached transperitoneally. In either case the proper exposure of the suprarenal gland, effected by a fairly deep self-retaining retractor after the field is walled off and other structures are protected by .~ponges, is an important factor in controlling the degree of injury.
C~trols.--Two types of control experiments were performed: (a) freezing tissue around the mobilized suprarenals, and (b) excision of one suprarenal gland, (a) Two normal animals were subjected to operation in which both suprarenals were prepared as for freezing; the tissues about them were frozen but the glands themselves were not. This procedure included all the elements of shock, general trauma,, and nerve and vascular injury that obtained when the glands were frozen, except for the actual injury to the cells of the suprarenal cortex.
(b) Five animals had one suprarenal excised, nothing being done at the time to the other gland.
In experiments in which thyroid function may be intimately concerned, the use of iodine for skin sterilization is contraindicated. Chemical sterilization of the skin by an alcoholic picric acid solution was the method used in these experiments.
Presentation of Data.
35 experiments were conducted on 24 cats in which the respiratory exchange was followed before and after operation, as follows: freezing, 10; ligation, 17; partial removal, 6; operative ~rauma, 2. The types of reaction to subtotal suprarenal insufficiency as observed in these cats may be roughly classified in three groups (Table I) : 
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Group I. Those that live indefinitely and show no increase i n basal metabolism.
Group II. Those that show a significant increase in basal metabolism (over 10 per cent).
Group III. Those that show a decrease in metabolism to a rapidly fatal termination.
There are variations in the reaction not specified in the above groups which will be referred to in the Discussion. No experiment has been considered to fall in Group II unless there was an increase of at least 10 per cent above the highest preoperative figure. The following six protocols have been selected as illustrative of the types of reaction observed.
Group I; Protocol 1.wCat 10; adult, female (Table II) Autopsy.--Thyroid lobes very small, translucent, amber-yellow. Heart dilated, gray specks in pericardium; left suprarenal medulla is hemorrhagic, cortex necrotic. Three small, congested veins from posterior surface extending into perirenal fat and one into the renal vein. Right suprarenal is swollen but is not hemorrhagic, Group L --I n this group the animals survive indefinitely and there is no increase in heat production of over 10 per cent. Eight, or 30 per cent of the twenty-seven experiments following freezing or ligation, presented this type of response to operation. These usually showed no noteworthy symptoms. Within 24 hours they had regained a normal appetite and behavior. In two cases there was a decrease in heat production lasting 2 weeks or more, not leading to the death of the animal and with a subsequent return to the normal rate. Examination of the condition of the suprarenals either at autopsy or at a subsequent operation showed large areas of uninjured cortex, on both gross and microscopic examination. The medulla appeared quite normal. It is worthy of note that only one cat out of a total of ten, in which the suprarenals were frozen, fell in this group, and in this one the dissection of the gland for freezing was unsatisfactory on account of an excessive number of collateral blood vessels--a result of a previous ligation; while following vessel ligation, seven of seventeen showed no significant change in heat production. In the latter there was a well developed collateral circulation to the renal vein, the perirenal vein, and the diaphragm.
Protocol 1 illustrates this type of reaction. Eight determinations of the basal metabolism had been made over a period of 45 days, with a maximum variation of -b 14 per cent and -11 per cent from the average of 2.18 calories per kilo per hour. Both suprarenal veins were ligated proximally and distally to the suprarenal gland. Following this the gaseous metabolism was determined eleven times in 30 days--every other day for the first 2 weeks after operation. At no time was there a significant departure from the preoperative range, the maximum increase being 3 per cent above the highest normal figure.
Group / / . --T h i s group includes those cats whose heat production following suprarenal injury is increased at least 10 per cent above the highest preoperative figure. Twelve, or 44 per cent of the twentyseven freezing or ligation experiments, showed this type of reaction. The increase varied from 18 to 44 per cent above the Preoperative average and from 10 to 30 per cent above the highest preoperative figure. With one exception the rise in basal metabolism lasted from 9 to 38 days before again reaching the preoperative level. The increase in heat production was absolute as well as relative and in every case the cats survived the effect of suprarenal insufficiency indefinitely.
Coincident with the increased basal metabolism there were clinical manifestations of improved nutrition. Similar manifestations have been reported by Marine and Baumann in rabbits. The surface temperature seemed increased; the hair, which was shaggy in-mediately after operation, became very sleek; and the appetite was often greatly increased. In spite of a food intake of double the normal amount the weight frequently was maintained at a level below its preoperative normal, though in some cases the cat gained tremendously in weight. Diarrhea was frequently observed, usually occurring at the height of the increase in heat production. Respiration was increased in rate and depth and at times there was a marked change in attitude and behavior, alertness and restlessness being observed. Protocols 2 and 3 show typical examples of this type of reaction after freezing and ligation respectively. Cat 7 had the right suprarenal removed and the left frozen. The heat production was in creased 36 per cent, reaching its maximum on the 5th day after operation and being maintained above the preoperative average for 20 days. The appetite was greatly increased and the cat gained 900 grn. in weight during this period of increased heat production, even gaining in weight when its basal metabolism was ~ 30 per cent. The total heat production also was increased by 30 per cent even before this gain in weight occurred. Diarrhea was noted on the 3th day after operation. The wounds healed promptly and the fur became very smooth.
Following this phase of increased heat production a slight depression averaging I0 per cent below the normal usually occurs, lasting from I to 4 weeks. That this may be partly due to an exhaustion of the thyroid gland is suggested by two facts. Potassium iodide given in two cases during this period of depression was followed by a prompt return to the normal level. And in several instances the thyroid gland was found 30 days after saturation with potassium iodide to be markedly hyperplastic in cats which had shown an increased basal metabolism after suprarenal crippling. At the time of being sacrificed the heat production had become subnormal. In control animals no such rapid exhaustion d the thyroid was observed.
Cat 18 showed an increase in heat production reaching the maximum of 44 per cent on the Ist and 5th days after ligation of both suprarenal veins. 2 days after operation it had regained its appetite and activity; however, by the 5th day after the operation it had become very inactive, was weak, and had lost its appetite. Its general condition gradually improved; the basal metabolism remained elevated for 25 days, on the 20th day after the operation being + 40 per cent. At this time the animal lost its appetite and became very asthenic, rapidly losing weight; the heat production fell to 20 per cent below the preoperative figure. KI was given on November 18; on November 19 it ate less than 10 gm. of meat and did not hold its head up. Emulsion of suprarenal cortex extract was given by pipette. On November 20 the animal was very active, running and jumping, and when given food ate 100 gm. of meat without pause. The basal metabolism rose continuously for 3 days to a point above the preoperative range, it then became subnormal for a week, after which it resumed the original level. At autopsy the right suprarenal was found markedly atrophied; from the left there had developed a collateral circulation to the renal vein and the perirenal tissue. Collold had disappeared almost completely from the thyroid vesicles and the epithelium was hypertrophic in spite of the fact that the cat had received potassium iodide 30 days previously in several doses.
Group III.--In this group the metabolism decreases slowly or rapidly till death. Seven, or 26 per cent of the twenty-seven animals, reacted in this way after freezing or ligation. The decrease in metabolism is on the average about 25 per cent. In the fulminating cases the picture is exactly like that after excision of both suprarenals (10) , and the animal dies in 2 to 5 days. Two of this group lived 9 and 13 days respectively.
Histological examination of the suprarenal glands showed in each case marked injury to the suprarenal cortex. After freezing, the medulla had quite a normal appearance except for some congestion; its cells maintained their chromophilic properties. After ligation there was often very extensive hemorrhage into the medulla, though in some cases it remained entirely uninvolved. But the cortex always showed extensive necrosis in the animals of this group after either freezing or ligation. In some instances the entire cortex appeared to be necrotic, in others some areas of cortical cells staining fairly normally were found.
One cat in which fully seven-eighths of the suprarenal substance was excised reacted in this manner, showing marked reduction in heat production, and died 2{ days after operation. No viable supra-renal cells could be found, and the vein leading from this remnant was completely thrombosed. Protocols 4 and 5 are illustrative of this type of reaction. Cat 19 showed a decrease of 54 per cent 4 days after ligation of both suprarenal veins, and was unable to walk. It died the following night. Autopsy revealed hemorrhage into the' medulla of the left suprarenai and marked necrosis in the cortex. Three small congested veins extended to the perirenal fat and one to the renal vein. The right suprarenal showed no hemorrhage into the medulla, which seemed normal, while the cortex showed large areas of necrosis. Cat 8 lived 9 days after excision of the right suprarenal and freezing of the left. The day after operation the heat production was 22 per cent below normal, it then rose on the 3rd and 4th days after the operation to the upper part of its normal range, thereafter falling sharply to 50 per cent below normal on the 9th day, and death occurred that night. There was increasing weakness so that on the 8th day the cat could not stand and anorexia was marked, though for the first 5 days it ate over 100 gin. of milk and some meat each day. Autopsy showed well preserved fat stores, right suprarenal absent, left suprarenal cortex with large areas of necrosis, and medulla with normal staining properties.
The animals suffering from a fatal suprarenal insufficiency, though living over a week, give definite evidence of cardiac weakness. The heart rate may become irregular, the mucous membranes are somewhat cyanotic, and the animal goes into collapse on slight exertion, which speaks strongly for a marked diminution in its cardiac reserve. At autopsy the heart is somewhat dilated and the musculature, especially of the right ventricle, is flabby.
Controls.--In the two cats in which both glands were mobilized and the tissues about the glands were frozen, the heat production after operation showed no increase. Also the five animals in which one suprarenal was removed showed no increase of 10 per cent above the preoperative level. That these animals could, however, show the typical rise in basal metabolism was demonstrated in three of these five cats by either a previous or subsequent operation.
DISCUSSION.
The difference in reaction to suprarenal insufficiency in cats and rabbits, as reported in the literature, seems now to be cleared up. The previous failure to observe the characteristic increase in heat production in cats was due to the masking of this by the more profound effect of entire suppression of suprarenal function. In the six cases in which death resulted within a week from the suprarenal insufficiency, the heat production was invariably found to be continuously diminished, while in the two in which the suprarenal injury caused death, though the animal lived over a week, heat production in one case on the 4th day reached its highest ,preoperative level, and in the other case on the 5th day exceeded it, being followed in each case by a fall to death. Marine and Baumann observed in a small percentage of rabbits, also, this decrease in heat production to a rapidly fatal termination, and in them no accessory suprarenals could be found. It seems established then that when the suprarenal insufficiency approaches closely the suppression of suprarenal function heat production falls and death rapidly ensues. This is apparently due to the fact that the suprarenal glands, either by addition or subtraction, influence the reactive medium of the body in some manner essential to the continuance of vital metabolic processes.
Suprarenal injury less severe than the above causes in the majority of cats a profound effect upon the calorific mechanism, characterized by a significant increase in heat production. Of the twenty cats indefinitely surviving the suprarenal injury, twelve, or 60 per cent, showed this rise in basal metabolism, while of the control seven experiments involving all the elements of traumatization and manipulation of the suprarenals without serious damage to the glands, in none did the basal metabolism vary from its normal range by 10 per cent. In every case evidence of an increase in heat production was present in the 1st week, though-the maximum frequently was not reached until later--24 days after operation in one instance. The rise lasted on the average 18 days before again reaching the preoperative base-line.
The secondary waves in the heat production curve mentioned by Golyakowski as occurring in dogs, and by Marine and Baumann in GLANDS WITH INTERNAL SECRETION. IV rabbits, were very well marked in several instances. Cat 18 illustrates this phenomenon, one peak being in the 1st week after operation and another in the 3rd week. After a period of suprarenal insufficiency associated with a significant rise in heat production there is usually a fall to 10 per cent or more below the base-line. That this is not altogether the effect of long training is shown by the fact that if it is followed sufficiently long the normal rate is resumed. This phenomenon resembles the period of hypothermia which is frequently seen in the convalescence from any prolonged fever. That thyroid exhaustion may be partly responsible for it is suggested by the effects of KI and by the rapid production of hyperplasia of the thyroid in these animals.
Of the three methods for producing suprarenal insufficiency in cats, partial excision was entirely unsatisfactory. Vein ligation gave good results in some cases but the collateral circulation was a dominant factor in the result which could not be predicted or controlled. In our hands freezing offered the most satisfactory means of controlling suprarenal injury.
In addition to the effect on heat production there are clinical symptoms, some of which can be readily correlated with it. Increased appetite, which may or may not be associated with a gain in weight, sleekness of fur, and rapidity of wound healing are nutritional manifestations which can be readily explained on the basis of thyroid function. There are other phenomena, however, which suggest vastly wider interrelationships between the suprarenal gland and the body tissues. In fatal suprarenal insufficiency gastric ulcer was frequently observed in this series in confirmation of the observations of other workers (11) . Also symptoms of disturbed gastrointestinal function, most often manifest as diarrhea, were usually evident during the period of suprarenal insufficiency, most frequently observed at the time of maximal increase in basal metabolism. In one case diarrhea with numerous small blood clots was noted. Furthermore, the profound asthenia of the animals developing in the cases of fatal suprarenal insufficiency bespeaks a fundamental function of the suprarenal in relation to some part of the nerve-muscle motor mechanism. That this is not due merely to restriction of food intake was shown by the two cats which survived a fatal in-sufficiency for over a week. In both cases operative recovery was prompt but a secondary profound weakness manifested itself about the 4th day which was well in advance of the stage of marked reduction in food intake. Cat 8, for example, was so weak, a week after operation that it could not walk on a fiat surface, yet rough measurement showed the food intake up to this time to be 75 per cent of the caloric requirement of the animal. Rapid depletion of the glycogen stores have been demonstrated by previous observers (12) . And other metabolic disturbances apart from the mobilization and use of fat were suggested by the rapidity of emaciation and the extreme degree to which it may be carried without exhaustion of the fat depots. Cat 12, for example, lost one-fifth of the body weight in 13 days, yet had abundant subcutaneous and mesenteric fat at autopsy. Extensive studies of the protein and especially of the water metabolism would be necessary to clear up this phenomenon.
A great mass of literature has sprung up about clinical suprarenal insufficiency, all of it vague, indefinite, and, up to the present, without any scientific support in fact (4), as there has been no method of differentiating the degrees of sublethal suprarenal insufficiency. Comparative measurements of heat production in the presence of an iodized thyroid may possibly offer a means of following to some degree the various phases of insufficiency of the suprarenal cortex. This work with cats, as well as that of Marine and Baumann with rabbits, shows that the partial suprarenal cortex insufficiencies produced experimentally are transitory and that compensation takes place rapidly or the animal dies. Therefore, one would not expect to demonstrate a suprarenal insufficiency in animals that have survived the injury for months.
Further evidence of the importance of the cortex as opposed to the medulla in influencing essential tissue functions is indirectly afforded by these experiments. In all cases in which death ensued from the suprarenal insufficiency, whether induced by freezing or ligafion, marked damage to the cortex was evident, while the medulla usually retained its normal appearance grossly and microscopically. Even though secretion of epinephrine is possibly suppressed by freezing, vessel ligation leaves the nerve supply which controls this secretion, for the most part intact. There is a path for its discharge--a definite collateral circulation between the suprarenal medulla and the perirenal tissue having been reported by Cow in 1914 (13) after ligation of the suprarenal vein proximally and distally to the gland. The collateral venous circulation of the suprarenal becomes markedly increased if the animal survives. These enlarged veins can readily be traced to the perirenal tissue, not infrequently to the diaphragm, and usually one or two directly to the renal vein. If it could be shown that under these conditions epinephrine was still discharged, it would necessarily follow that this agent played no essential part in the increased heat production.
It is impossible to study the syndrome of suprarenal insufficiency in cats without being impressed by the points of similarity between it and some of the outstanding features of Graves' disease. The most prominent single phenomenon in each is a significant increase in heat production. Each has a phase of asthenia and exhaustion, with evidence of severe cardiac damage. Diarrhea and nutritional and weight changes are common to each. Hyperplasia of the thyroid is produced in each and is characteristic of neither. Marine and Baumann have shown that the thyroid is indispensable for the increased heat production following suprarenal injury in rabbits but not for the asthenia and fatal termination. And, finally, that rather unusual form of Graves' disease running a rapidly fatal course in a very few weeks with severe asthenia, prostration, and coma bears a striking resemblance to the effect of fatal suprarenal insufficiency when death is postponed for several days. CONCLUSIONS.
1. Severe and sufficient non-fatal injury to the suprarenal cortex by freezing or by ligation in cats causes a significant and prolonged increase in heat production.
2. Lethal injury to the suprarenals by freezing, ligation, or partial excision in cats causes a fall in heat production.
3. Insufficient injury to the suprarenals by freezing, ligation, or partial excision in cats produces no significant alteration in heat production.
4. Further evidence of a dose thyroid-suprarenal cortex interrelationship is indicated by the rapidity of thyroid hyperplasia and by the effects of KI after suprarenal crippling.
